dentin sealing. Residual temporary cement may remain on the tooth surface even after mechanical cleaning, and some cement ingredients probably penetrate the tooth surface, altering characteristics such as contact angle and dentin permeability [2] . In this way, the definitive restoration is generally not bonded to freshly-prepared dentin but rather to dentin contaminated, that may result in hybridization failure and reduced bond strength [3] .
In order to avoid dentin contamination and the resulting problems, the dual bonding or immediate dentin sealing technique has been proposed [4, 5] . In this procedure a dentin bonding agent is applied to the fresh cut dentin prior to the placement of the provisional restoration. Immediate dentin sealing requires hybridization of the exposed dentin surface immediately after tooth preparation and during final luting procedures [6, 7] . The technique prevents the bacterial invasion and dentin sensitivity during the provisional phase, and it is concerned with increased bond strength [4] . Another advantage is that the thickness of dentin bonding agent is considered before tooth preparation impression [8] . The technique could be used with a 3-step etch-and-rinse dentin bonding agent, leading to increased microtensile bond strength compared to delayed dentin sealing. General protocol suggests the use of two step total-etch systems and two-steps self-etch systems as well [3] .
Recently, temporary filling materials composed of light-curing composites became an option to traditional cemented temporary restoration [9] . These materials are applied to the dentinal surface without cement and was supposed to be more inert to the dentinal surface prior to bonding [3] , but it may decreased the bond strength values affecting adhesive luting. Although, some investigators have suggested that composite materials should not be used on dentin intended to be cemented using resin luting cements and delayed dentin sealing [2] , because of possible contamination of hybrid layer. Other authors have examined the bonding potential of sealed dentin surfaces to resin-based provisional materials and cements during immediate dentin sealing and have recommended that prepared teeth be effectively isolated with a separating medium before provisional treatment [7] . There are no data or studies available regarding the dentin bond strength and SEM analysis of immediate sealed dentin with resin-based provisional materials.
The purpose of this investigation was to compare the effect of resin-based temporary materials on the tensile bond strength of bonds to human dentin and definite cement following treatment using the delayed dentin sealing (DDS) or immediate dentin sealing (IDS) procedures.
Methods
A total of 48 freshly-extracted sound human molars were used in this study. Prior to use, the teeth were stored in 0.5 % chloramine T solution for up to 7 days and subsequently in distilled water at 4 °C for a maximum of 6 months.
The teeth were ground in a polishing machine using 180-grit silicon carbide paper to remove the occlusal surfaces and expose flat coronal dentin. The surfaces were evaluated for the presence of remaining enamel, which was removed by additional trimming, and wet polished with 200, 400, and 600-grit silicon carbide paper.
After flattening, the teeth were randomly assigned to 6 experimental groups (n = 8) according to the dentin pretreatment and provisional restorative technique: group 1 (G1/control), freshly ground dentin; groups 2, 3, and 4 (G2, G3, and G4), dentin contaminated with provisional restoration material and sealed dentin (DDS); and groups 5 and 6 (G5 and G6), sealed dentin and sealed dentin contaminated (IDS) with provisional restoration material. The specific treatment parameters are listed in Fig. 1 and the materials used in this study are shown in Table 1 .
In the control specimens (G1) the dentin was sealed immediately after preparation using a 3-step etch-and-rinse adhesive system (Adper ScotchBond Multi-Purpose, 3 M ESPE, St. Paul, MN, USA) and restored using a composite resin (Z350 XT, 3 M ESPE, St. Paul, MN, USA). Hybridization consisted of successive application of the conditioner (acid etchant), primer (adhesion promoter), and bonding agent (adhesive resin), followed by light-induced polymerization [10] . The composite restorations were prepared as successive 2.0 mm-thick layers of resin. All materials were used according to the manufacturer's instructions. Groups G2 and G3 were first restored using an acrylic resin provisional restoration fixed respectively with a calcium hydroxide (Dycal, Dentsply, York, USA) or zinc oxide non-eugenol based (Temp Bond NE, Kerr, Orange, USA) temporary cement, while G4 was first restored using a methacrylate-based temporary restorative material (Clip F, Voco, Cuxhaven, GER). The samples were immersed in 0.9 % saline solution for 2 weeks [11] , after which all temporary restorations and any residual cement were removed from the dentinal surface using a curette. The surface was cleaned using non-fluoridated pumice flour for 10 s, then sealed and restored in a manner similar to the control group.
In groups G5 and G6, the dentin was first sealed immediately after preparation and then restored using the methacrylate-based temporary restorative material. In group G5 the sealed surfaces were isolated using glycerin gel before application of the temporary restoration, while in group G6 the temporary restorative material was applied directly to the sealed dentinal surface. The remaining treatment procedures were similar to those of the DDS groups.
After final restoration, all specimens were stored in distilled water at 37 °C for 24 h, then sectioned in the mesiodistal and buccolingual directions perpendicular to the bonded interfaces using an Isomet 1000 machine (Buhler, Lake Bluff, IL, USA), yielding rectangular samples with a calculated cross-sectional area of 0.8 mm . The samples were secured in a microtensile testing fixture (Odeme Biotechnology, Joaçaba, SC, Brazil) using cyanoacrylate-based adhesive (Super Bonder Gel, Loctite, Itapevi, SP, Brazil) and tested in a universal testing machine (EMIC DL 2000, São José dos Pinhais, PR, Brazil) at a crosshead speed of 0.5 mm/min. The rationale behind microtensile bond strength methodology [12] is that the higher the actual bonding capacity of an adhesive, the better it will withstand such stresses and the longer the restoration would survive clinically [10] .
The bond strength values (MPa) were analyzed using one-way analysis of variance and Tukey's test at 5 % significance level. Fragments of the fractured specimens were observed using an optical microscope at 40× magnification and the modes of fracture were classified as adhesive, cohesive (dentin or composite substrate), or mixed. Scanning electron micrographs (SEM) were obtained of representative surfaces from samples in groups G4, G5, and G6.
Results and discussion
Considering indirect bonded restorations, success is highly dependent on the adhesive procedure, particularly in terms of dentin preparation [6, 7] . A primary requirement for optimum bonding is a contaminant-free substrate, such as that obtained at the time of preparation when the dentin is freshly cut and clean [3, 13] .
The traditional DDS procedure is performed when the dentin bonding agent is applied, after the temporary restorative period and just prior to permanent cementation of the restoration. This procedure may result in lower bond strength to the tooth structure due to residual surface contamination from the temporary restoration [14] . Despite this potential, there was no significant reduction in tensile bond strength between the DDS and control groups (Table 2) , even when a resin-based temporary material was used (G4).
The bonding of final restorations to teeth using resin luting cement may be adversely affected by temporary cement of any type [15] . This effect is most serious when zinc oxide-eugenol based luting agent is used for provisional cementation because eugenol inhibits polymerization of dentin bonding agents and luting resins [16] . However, even eugenol-containing provisional cements may be used prior to resin cementation if the dentin is aggressively cleaned with non-fluoridated pumice before dentin bonding [3] . In order to avoid convolution of the results due to the effects of eugenol-based provisional cement, only non-eugenol based materials were employed in this study.
It is questionable whether cleaning the dentinal surface using pumice alone is sufficient to remove temporary material before adhesive luting [3] , as well as is etching with 37 % phosphoric acid [16] . In this study the temporary material was mechanically removed using a curette [9] before cleaning with non-fluoridated pumice flour and conditioning with acid. The shear bond strength values following this cleaning were similar to those of the control group, in contrast to previous reports [3, 14, 17] . It is possible that the mechanical cleaning efforts are responsible for the improved bonding in general [18] .
Even after assumed thorough removal of the temporary material, distinguished areas could be observed along the dentin surface in scanning electron micrographs, particularly in group G4, suggesting the presence of residual temporary material (Fig. 2) . However, even if penetration of ingredients into the tooth surface or ion leakage into deeper zones of the superficial strata of the dentin occurred [3] , this was not sufficient to affect the adhesion of the final restoration, different from previous results [2, 19] . Table 2 The distribution of failure modes in the DDS groups is described in Table 3 . Mixed fractures were the most prevalent fracture mode in groups G2, G3, and G4. Group G4 experienced thee times more adhesive failures than group G2 and nine times more than group G3, suggesting that methacrylate-based materials have greater potential to interfere with resin-coated dentin surfaces than provisional cements.
Within the limits of this study, the DDS procedure provided the optimum conditions for bonding even on contaminated dentin surfaces. IDS was intended to provide advantages such as protection from infiltration and bacterial leakage during the provisional restoration stage, reduction of potential risk for postcementation sensitivity, minimization of anesthesia required during cementation of the definitive restoration, and improved bond strength to the tooth structure [6] , as well as addressing the primary problem of reduced shear bond strength associated with provisional treatment. A key element in IDS is the development of an effective bond between the existing resin coating and the new luting composite resin [7] , considering that bond strength could start to decreased after 7 days after IDS procedure [20] .
The effectiveness of this bond could be compromised because sealed dentin surfaces have the potential to strongly attach to resin-based provisional materials, suggesting that this type of provisional material should be avoided [6] due to subsequent difficulties in removing resin-based provisional restorations. This difficulty may be avoided by isolating sealed dentin using a separating medium just before provisional treatment [6, 7] . This was confirmed in the present study, in which significant reductions in bond tensile strength were observed when the IDS groups (G5 and G6) were compared to each other and to the control group (Table 1) . Water-soluble glycerin was used as a separating medium instead of the petroleum jelly [3, 21] because oily additives are more difficult to remove from sealed dentin [21] . As a result, the hybrid layer was preserved after mechanical removal of the resin-based provisional material in G5 (Fig. 3) .
Methacrylate-based temporary material obviously adheres well to sealed dentin and may be removed only using a scaler [9, 21] . Even so, mechanical removal did not appear to be effective, based on a comparison of the bond strengths of groups G5 and G6 ( Table 2 ). The strong adhesive interaction may have removed part of the hybrid layer, resulting in lower bond strength even after a second application of bonding agent (Figs. 4, 5) . These findings are supported by a higher rate of adhesive failure in G6 compared to G5 (Table 3) indicating that the hybrid layer was the weakest link.
Group G6 exhibited significantly lower bond strength values (Table 2) . Mixed fractures were the most common in all groups except G6, in which adhesive fractures were most prevalent (Table 3) . There were no data until now, supporting that RBPM could not be applied whit IDS. This study was a quantitative evaluation with the objective of identifying possible interactions between a RBPM and IDS procedure. It could be observed that mechanical removal of RBPR was difficult and not only comparative results demonstrated the substrates interaction. Actually the results demonstrated that tooth preparations must be rigorously isolated in RBPM and IDS association and not necessarily with DDS.
Conclusion
The bond strength of restorations to human dentin was relatively constant independent of the provisional restorative material used in the DDS procedure, while the use of resinbased temporary material in the IDS procedure has the property to reduce the bond strength unless the provisional bonding layer is isolated using a water-soluble gel.
